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Guideline Status
This is the current release of the guideline.

Recommendations

Major Recommendations
Definitions of the levels of the recommendations (A, B, C, U) and classification of the evidence (Class I-IV) are provided at the end of the "Major
Recommendations" field.

Conclusion

Intraoperative monitoring (IOM) is established as effective to predict an increased risk of the adverse outcomes of paraparesis, paraplegia, and
quadriplegia in spinal surgery (4 Class I and 7 Class II studies).

Recommendation

Surgeons and other members of the operating team should be alerted to the increased risk of severe adverse neurologic outcomes in patients with
important IOM changes (Level A).

Clinical Context

In practice, after being alerted to IOM changes, the operating team intervenes to attempt to reduce the risk of adverse neurologic outcomes. No
studies in humans have directly measured the efficacy of such interventions. However, multiple controlled studies in animals have demonstrated that
intervening after IOM alerts (as opposed to not intervening) reduces the risk of permanent neurologic injury. On this basis, it seems reasonable to
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assume that such interventions might improve outcomes in humans as well. It is unlikely that controlled human studies designed to determine the
efficacy of post-IOM alert interventions will ever be performed.

This analysis did not compare motor-evoked potential (MEP) with sensory-evoked potential (SEP). The 2 techniques differ slightly. MEP more
directly monitors the motor pathway itself. One technique may change while the other remains stable, or one may change earlier than the other.
MEP requires more restrictive anesthesia requirements, causes patient movement, and has less-clear criteria for raising an alarm. SEP can localize
an injury or site of ischemia more exactly. The transcranial electrical MEPs (tceMEPs) are often used intermittently because of movements that
occur with the stimulus. Sometimes one technique can be accomplished throughout a case, whereas the other techniques cannot. As a result, it may
be most appropriate for the surgeon, anesthesiologist, and neurophysiologic monitoring team to choose which techniques are most appropriate for
an individual patient. Conducting both techniques together is a reasonable choice for many patients. Neither technique can predict the onset of
paraplegia that is delayed until hours or days after the end of surgery. Neither technique should be considered to have perfect predictive ability
when no evoked potential change is seen; rare false-negative monitoring has occurred.

The studies reported in the guideline varied somewhat in the criteria used to raise alerts. The specific criteria used are reported in table e-1 of the
original guideline document.

These IOM studies involved a knowledgeable professional clinical neurophysiologist supervisor. These studies support performance of IOM when
conducted under the supervision of a clinical neurophysiologist experienced with IOM. IOM conducted by technicians alone or by an automated
device is not supported by the studies reported here because these studies did not use that practice model and because there is a lack of identified
well-designed published outcomes studies demonstrating efficacy with those practice models.

Definitions:

Classification of Recommendations

Level A = Established as effective, ineffective or harmful (or established as useful/predictive or not useful/predictive) for the given condition in the
specified population. (Level A rating requires at least two consistent Class I studies.)*

Level B = Probably effective, ineffective or harmful (or probably useful/predictive or not useful/predictive) for the given condition in the specified
population. (Level B rating requires at least one Class I study or two consistent Class II studies.)

Level C = Possibly effective, ineffective or harmful (or possibly useful/predictive or not useful/predictive) for the given condition in the specified
population. (Level C rating requires at least one Class II study or two consistent Class III studies.)

Level U = Data inadequate or conflicting; given current knowledge, treatment (test, predictor) is unproven.

*In exceptional cases, one convincing Class I study may suffice for an "A" recommendation if 1) all criteria are met, 2) the magnitude of effect is
large (relative rate improved outcome >5 and the lower limit of the confidence interval is >2).

Classification of Evidence for Diagnostic Accuracy

Class I: A cohort study with prospective data collection of a broad spectrum of persons with the suspected condition, using an acceptable
reference standard for case definition. The diagnostic test is objective or performed and interpreted without knowledge of the patient's clinical
status. Study results allow calculation of measures of diagnostic accuracy.

Class II: A case control study of a broad spectrum of persons with the condition established by an acceptable reference standard compared to a
broad spectrum of controls or a cohort study where a broad spectrum of persons with the suspected condition where the data was collected
retrospectively. The diagnostic test is objective or performed and interpreted without knowledge of disease status. Study results allow calculation
of measures of diagnostic accuracy.

Class III: A case control study or cohort study where either persons with the condition or controls are of a narrow spectrum. The condition is
established by an acceptable reference standard. The reference standard and diagnostic test are objective or performed and interpreted by
different observers. Study results allow calculation of measures of diagnostic accuracy.

Class IV: Studies not meeting Class I, II or III criteria, including consensus, expert opinion or a case report.

Clinical Algorithm(s)
None provided



Scope

Disease/Condition(s)
Conditions requiring spinal surgery

Guideline Category
Evaluation

Risk Assessment

Technology Assessment

Clinical Specialty
Anesthesiology

Neurological Surgery

Neurology

Orthopedic Surgery

Thoracic Surgery

Intended Users
Advanced Practice Nurses

Allied Health Personnel

Hospitals

Physician Assistants

Physicians

Guideline Objective(s)
To evaluate whether spinal cord intraoperative monitoring (IOM) with somatosensory and transcranial electrical motor evoked potentials (EPs)
predicts adverse surgical outcomes

Target Population
Patients undergoing spinal surgery or certain surgeries of the aorta

Interventions and Practices Considered
Spinal cord intraoperative monitoring (IOM) with somatosensory and transcranial electrical motor evoked potentials

Major Outcomes Considered



Severe adverse neurologic surgical outcomes:

Paraparesis
Paraplegia
Quadriplegia

Methodology

Methods Used to Collect/Select the Evidence
Searches of Electronic Databases

Description of Methods Used to Collect/Select the Evidence
A research librarian performed literature searches of the MEDLINE and EMBASE databases using the following keywords: monitoring,
intraoperative, evoked potentials, paralysis, and intraoperative complications. Additional articles were found from among the references cited in the
reports reviewed. Each article was reviewed independently by at least 2 panel members. Appendix e-3 of the original guideline document presents
the complete MEDLINE search strategy, and appendix e-4 presents the complete EMBASE search strategy.

The panel elected to focus on the 2 most common current spinal cord intraoperative monitoring (IOM) techniques. The somatosensory evoked
potential (SEP) technique evaluated was ankle-wrist stimulation with neck-scalp recording. The motor evoked potential (MEP) technique
evaluated was transcranial electrical MEP with muscle recording.

Minimum size for study inclusion was 100 patients for orthopedic procedures and 20 patients for neurosurgical or cardiothoracic procedures.
Different numbers were used because the rates of adverse neurologic outcomes are lower for orthopedic spine procedures compared with those
for neurosurgical and cardiothoracic procedures.

A study was included if it represented a consecutive series of a representative group of patients, preferably prospective; if the IOM followed a
protocol established in advance; if the IOM changes were identified in real time, before outcomes were known; and if the clinical outcomes of
interest (paraparesis, paraplegia, and quadriplegia) were clearly reported.

Number of Source Documents
12

Methods Used to Assess the Quality and Strength of the Evidence
Weighting According to a Rating Scheme (Scheme Given)

Rating Scheme for the Strength of the Evidence
Classification of Evidence for Diagnostic Accuracy

Class I: A cohort study with prospective data collection of a broad spectrum of persons with the suspected condition, using an acceptable
reference standard for case definition. The diagnostic test is objective or performed and interpreted without knowledge of the patient's clinical
status. Study results allow calculation of measures of diagnostic accuracy.

Class II: A case control study of a broad spectrum of persons with the condition established by an acceptable reference standard compared to a
broad spectrum of controls or a cohort study where a broad spectrum of persons with the suspected condition where the data was collected
retrospectively. The diagnostic test is objective or performed and interpreted without knowledge of disease status. Study results allow calculation
of measures of diagnostic accuracy.

Class III: A case control study or cohort study where either persons with the condition or controls are of a narrow spectrum. The condition is



established by an acceptable reference standard. The reference standard and diagnostic test are objective or performed and interpreted by
different observers. Study results allow calculation of measures of diagnostic accuracy.

Class IV: Studies not meeting Class I, II or III criteria, including consensus, expert opinion or a case report.

Methods Used to Analyze the Evidence
Systematic Review with Evidence Tables

Description of the Methods Used to Analyze the Evidence
Reports were reviewed and scored independently by all content expert panelists. Those panelists discussed and resolved by consensus the
methodology, results, relevance, and conclusions for a few reports for which there was initial panel discrepancy.

Next, these articles were rated using the American Academy of Neurology (AAN) 4-tiered (Class I–Class IV) classification of evidence scheme
for rating diagnostic studies (see the "Rating Scheme for the Strength of the Evidence" field), and conclusions and recommendations were linked to
the strength of the evidence (see the "Rating Scheme for the Strength of the Recommendations" field). All articles that were rated Class I or Class
II are listed in table e-1 of the original guideline document.

The primary data evaluated were the results from a comparison of the group without evoked potential (EP) changes with the group with EP
changes in both the number of cases with new postoperative paraparesis, paraplegia, and quadriplegia and the number without these conditions.
Descriptive statistics and the Fisher exact test were used for statistical analysis.

The search identified an initial set of 604 reports. Of those, 40 articles met the inclusion criteria, but 28 were subsequently excluded because they
contained Class III or IV data; did not address the outcomes of paraparesis, paraplegia, or quadriplegia; primarily assessed nerve roots instead of
the spinal cord; or substantially relied on techniques beyond the scope of this guideline. Twelve studies provide evidence to assess the role of
intraoperative monitoring (IOM) in the prediction of adverse outcomes (table e-1), 4 of which were Class I.

Methods Used to Formulate the Recommendations
Expert Consensus

Description of Methods Used to Formulate the Recommendations
Seven physician clinical neurophysiologists were appointed to write this guideline because of their expertise in spinal intraoperative monitoring
(IOM). The panel members were appointed jointly by the Therapeutics and Technology Assessment Subcommittee of the American Academy of
Neurology (AAN) and the American Clinical Neurophysiology Society (ACNS). Five additional panel members served as methodology experts.

Conclusion and recommendations were linked to the strength of the evidence (see the "Rating Scheme for the Strength of the Recommendations"
field).

Rating Scheme for the Strength of the Recommendations
Classification of Recommendations

A = Established as effective, ineffective or harmful (or established as useful/predictive or not useful/predictive) for the given condition in the
specified population. (Level A rating requires at least two consistent Class I studies.)*

B = Probably effective, ineffective or harmful (or probably useful/predictive or not useful/predictive) for the given condition in the specified
population. (Level B rating requires at least one Class I study or two consistent Class II studies.)

C = Possibly effective, ineffective or harmful (or possibly useful/predictive or not useful/predictive) for the given condition in the specified
population. (Level C rating requires at least one Class II study or two consistent Class III studies.)

U = Data inadequate or conflicting; given current knowledge, treatment (test, predictor) is unproven.



*In exceptional cases, one convincing Class I study may suffice for an "A" recommendation if 1) all criteria are met, 2) the magnitude of effect is
large (relative rate improved outcome >5 and the lower limit of the confidence interval is >2).

Cost Analysis
A formal cost analysis was not performed and published cost analyses were not reviewed.

Method of Guideline Validation
External Peer Review

Internal Peer Review

Description of Method of Guideline Validation
Drafts of the guideline have been reviewed by at least three committees of the American Academy of Neurology (AAN) and American Clinical
Neurophysiology Society (ACNS), a network of neurologists, Neurology peer reviewers, and representatives from related fields.

The guideline was approved by the AAN Therapeutics and Technology Assessment Subcommittee on February 19, 2011; by the AAN Practice
Committee on May 19, 2011; by the AAN Board of Directors on October 14, 2011; and by the ACNS Council on June 11, 2011.

Evidence Supporting the Recommendations

Type of Evidence Supporting the Recommendations
The type of supporting evidence is identified and graded for each recommendation (see the "Major Recommendations" field).

Benefits/Harms of Implementing the Guideline Recommendations

Potential Benefits
Reduced adverse surgical outcomes through spinal cord intraoperative monitoring (IOM)

Potential Harms
Not stated

Qualifying Statements

Qualifying Statements
This statement is provided as an educational service of the American Academy of Neurology (AAN) and American Clinical Neurophysiology
Society (ACNS). It is based on an assessment of current scientific and clinical information. It is not intended to include all possible proper methods
for care of a particular neurologic problem or all legitimate criteria for choosing to use a specific procedure. Neither is it intended to exclude any
reasonable alternative methodology. The AAN and ACNS recognize that specific patient care decisions are the prerogative of the patient and the
physician caring for the patient, based on all circumstances involved. The clinical context section is made available to place the evidence-based
guideline into perspective with current practice habits and challenges. No formal practice recommendation should be inferred.



Implementation of the Guideline

Description of Implementation Strategy
An implementation strategy was not provided.

Implementation Tools
Patient Resources

Quick Reference Guides/Physician Guides

Slide Presentation

Staff Training/Competency Material

Institute of Medicine (IOM) National Healthcare Quality Report
Categories

IOM Care Need
Staying Healthy

IOM Domain
Effectiveness

Patient-centeredness
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Patient Resources
The following is available:

Monitoring the spinal cord during surgery. AAN summary of evidence-based guideline for patients and their families. St. Paul (MN):
American Academy of Neurology. 2012. 2 p. Available in Portable Document Format (PDF) from the American Academy of Neurology
(AAN) Web site .

Please note: This patient information is intended to provide health professionals with information to share with their patients to help them better
understand their health and their diagnosed disorders. By providing access to this patient information, it is not the intention of NGC to provide
specific medical advice for particular patients. Rather we urge patients and their representatives to review this material and then to consult with a
licensed health professional for evaluation of treatment options suitable for them as well as for diagnosis and answers to their personal medical
questions. This patient information has been derived and prepared from a guideline for health care professionals included on NGC by the authors
or publishers of that original guideline. The patient information is not reviewed by NGC to establish whether or not it accurately reflects the original
guideline's content.

NGC Status
This NGC summary was completed by ECRI Institute on June 26, 2012.

Copyright Statement
This NGC summary is based on the original guideline, which is copyrighted by the American Academy of Neurology.

Disclaimer

NGC Disclaimer
The National Guideline Clearinghouseâ„¢ (NGC) does not develop, produce, approve, or endorse the guidelines represented on this site.

All guidelines summarized by NGC and hosted on our site are produced under the auspices of medical specialty societies, relevant professional
associations, public or private organizations, other government agencies, health care organizations or plans, and similar entities.

Guidelines represented on the NGC Web site are submitted by guideline developers, and are screened solely to determine that they meet the NGC
Inclusion Criteria which may be found at http://www.guideline.gov/about/inclusion-criteria.aspx.

NGC, AHRQ, and its contractor ECRI Institute make no warranties concerning the content or clinical efficacy or effectiveness of the clinical
practice guidelines and related materials represented on this site. Moreover, the views and opinions of developers or authors of guidelines
represented on this site do not necessarily state or reflect those of NGC, AHRQ, or its contractor ECRI Institute, and inclusion or hosting of
guidelines in NGC may not be used for advertising or commercial endorsement purposes.

Readers with questions regarding guideline content are directed to contact the guideline developer.
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